1 XAIF Schema Overview

In this sectionwe presentthe syntax of the XAIF
in more detail. Figure 1 shavs the UML [1] model
for the XAIF schema,using the approachdescribed
in [2, 3]. Becauseof spaceconsiderationsthe model
doesnot containsomeelementsor relationships.For
a full versionof the current schemadraft, refer to
www.mcs.anl.ge/xaif.

The XAIF representatiorconsistsof a series
of nestedgraphs. All graph elementsare of type
GraphType, whosedefinition is similar to the XG-
MML notion of a graph [4]. All elementsof
GraphType containat leastone elementof Ver -

t exType andzeroor moreelementof EdgeType.

All elementsof Vert exType have identifiers that
are uniquewithin the parentgraphelement. Edges
have uniqueidentifiers,as well askey referencego

sourceandtarmget vertices. For clarity, somerelation-
shipshave beenomitted. In general,if a UML class
nameendswith “Graph”, the correspondingschema
typeinheritsfrom G- aphType. Similarly, typeswith

namesendingwith “Vertex” or “Edge” extend Ver -

t exType and EdgeType, respectiely. We have

shavn the completedetailsfor the graph-\ertex-edge
relationshipdor theCal | G- aph elements.

At the highestlevel, the programis represented
by a Cal | Graph element,whosechildren are ver-
ticescorrespondingo subroutinesand edgessignify-
ing subroutinecalls.

Cal | G aph, Control Fl owG aph, Ba-
si cBl ockGraph, BasicScopeG aph, and
all statementgraph elementscan contain optional
Properti es elementsencapsulatedn a property
tree named after the correspondinggraph. These
graphsmay also include a Synbol Tabl e element
(describedn moredetail later) for storingdescriptve
information aboutvariable, constant,and subroutine
symbolsusedwithin eachscope.

Each Cal | Graph vertex contains a Con-
t r ol Fl owGr aph elementwhoseverticesandedges
representhe control flow of the program. A Con-
trol Fl owVert ex can containa Basi cBl ock-
Graph, a For LoopG aph, an | fCondition-
Graph, or, in general,ary statementhat affectsthe
flow of controlin thecomputation.

Each Cont r ol Fl owVert ex can contain ei-
ther a Basi cBl ockG aph or a graphcorrespond-
ing to a compoundstatement(e.g., a For Loop-
Graph). The portions of the code that are actu-
ally augmentedvith derivative computationsarecon-

tained within Basi cBl ockG aphs, which corre-
spondto basic blocks in the code. A vertex of
a Basi cBl ockGraph can be a Basi cScope-

Graph (usedto representscoping within a basic
block), a Subrouti neCal | Graph, or an As-

si gnnent St at ement G- aph.

Only the assignmenstatementsontainingac-
tive variables(or loop indices) are included in the
XAIF asAssi gnnent St at enent Graphs. The
left-hand side of an assignmentvertex is limited
to a Vari abl eRef erenceVertex, while the
right-hand side can be a Const ant Vertex, a
Vari abl eRef er enceVert ex, or an Expr es-
si onGr aph. The representatiorof expressionsin
the Expr essi onGr aph is straightforward,includ-
ing both Booleanandarithmeticoperators We useda
substitutiongroupfor thedifferentkinds of expression
graphvertices,i.e., eachof the membersof the group
canbeachild of theExpr essi onGr aph element.

Transformationtools operateat different gran-
ularities of the graph hierarchy For example, a
forward-modemodule using statement-ieel reverse
modeneedsaccesnly to the XAIF for assignment
statements. Other modulesmay implement strate-
giesthat requirebasicblock-level XAIF, while some
reverse-modéools may needaccesgo controlflow or
call graphinformation. The XAIF is flexible enough
to allow theindependenprocessingf differentlevels
of thegraphhierarchy

All variableandconstanteferenceverticescon-
tain a requiredsynbol | d attribute and an optional
symnbol Tabl el d attribute. The unique combina-
tion of thesedentifierscanbeusedto accessnforma-
tion aboutthe variableor constanin the correspond-
ing symboltable. As mentionedearliet the Synbol -
Tabl e elementcanbeincludedat mary differentlev-
els, allowing for flexibility whengeneratingKAlF for
processingtdifferentlevels. For example,anexisting
first-orderdifferentiationmodule operatesonly at the
assignmenstatementevel andrequiressymbolinfor-
mationfor the symbolsin eachstatement.

In the XAIF, a symboltable canbe attachedto each
assignmenstatement. On the other hand,if a mod-
ule operatesn the basicblock level, suchreplication
of symbolinformationcanbe avoidedby including a
single symboltable for eachbasicblock. Entriesin

thesymbol(Synbol elementsontainseveralfields,
suchasthe type and shapeof a variable. The infor-

mationstoredfor eachsymbolcaneasilybe extended
with new fields.
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Figurel. XAIF Schemavodel
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